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Introduction 

United  States  has  lost  ground  in  the  world 

soybean  market.  Although  its  share  dropped 

The  extensive  literature  on  soybean  and  soy- 

to 67.4  percent  in  1988,  the  United  States  is 

bean  products  testifies  to  the  importance  of 

still  the  world's  largest  producer  and  exporter 

this  crop  for  meeting  the  world's  protein  re- 

of the  miracle  bean  (4). 

quirements.  Many  researchers  familiar  with  this 

literature  refer  to  the  soybean  as  the  "golden" 

The  slow  growth  of  farm  exports  since  the 

or  "miracle"  bean.  Soybeans  have  also  become 

early  1980s  adversely  affected  U.S.  farm  in- 

increasingly important  to  U.S.  agriculture,  ac- 

come; therefore,  policymakers  who  wanted  to 

counting  for  10.5  percent  of  U.S.  agricultural 

expand  exports  and  regain  past  export  market 

exports  in  1965  and  for  about  15.1  percent  of 

shares  were  forced  to  reconsider  the  direction 

these  exports  in  the  1980s  (Table  1). 

of  their  international  agricultural  policies.  U.S. 

Exports  of  soybeans  grew  faster  than  exports 
of  any  other  U.S  farm  products  until  the  early 
1980s.  This  growth  reflected  the  fact  that  be- 
tween 1965  and  1969,  U.S.  soybean  exports 

efforts  to  increase  exports  of  feedgrains  and 
soybean  products  will  be  aided  by  the  rapid 
growth  in  foreign  demand  for  meat  and  live- 
stock products,  especially  in  Asian  countries. 

accounted  for  over  85  percent  of  world  soybean 

Despite  growing  awareness  of  the  many  uses 

exports  in  dollar  value.  In  the  1970s,  soybean 

of  the  remarkably  versatile  soybean,  production 

exports  held  a  record  17.4  percent  share  of  the 

is  not  keeping  pace  with  the  growth  in  demand 

total  value  of  U.S  agricultural  exports.  The 

for  soybeans  in  most  countries  in  the  tropical 

United  States  had  its  largest  share  —  93.4  per- 

zone. The  rapid  increase  in  the  domestic  live- 

cent —  of  world  soybean  exports  in  1970.  The 

stock  industry  and  the  growth  in  poultry  and 

early  1980s,  however,  brought  a  reversal  in 

egg  production  in  these  countries,  moreover, 

their  growth  trend:  U.S.  soybean  exports  fell 

will  further  enhance  the  average  level  of  soy- 

from $5.9  billion  in  1980,  to  about  $3.64  billion 

beans  used  as  feed.  Because  soybeans  have 

in  1988.  Since  the  early  1970s,  therefore,  the 

considerable  potential  as  a  low-cost  source  of 

Table  1.  Value  of  U.S  Soybean  Exports,  1965  to  1988 

U.S.                    U.S. 

Soybean's               World             U.S.  share  of 

agricultural            soybean 

share  of              soybean          world  soybean 

Year                             exports                exports 

U.S.  exports            exports             export  value 

million  dollars 

percent          million  dollars           percent 

1965                             6,201                     650 

10.5                       749                     86.8 

1965  to  1969a               6,223                     762 

12.2                       862                     88.4 

1970                             6,958                 1,216 

17.4                    1,300                     93.5 

1970  to  1974              11,940                  2,069 

17.3                   2,413                    85.7 

1975                            21,817                  2,865 

13.1                    3,688                     77.7 

1975  to  1979             25,560                 4,299 

16.8                    5,254                     81.8 

1980                           40,481                 5,883 

14.5                    7,103                     82.8 

1980  to  1984              39,230                  5,937 

15.1                    7,106                     83.5 

1985                           31,187                 3,749 

12.0                    7,105                     52.8 

1986                            28,148                  4,334 

15.4                    5,593                     77.5 

1987                            27,726                  3,898 

14.1                    5,005                     77.9 

1988                            26,640                  3,640 

13.7                    5,400                     67.4 

Source:  USDA,  ERS,  Foreign  Agricultural  Trade  of  the  United 

States  by  Commodities,  Various  Issues.  FAO,  Trade  Year  Book, 

Various  issues. 

'  Average  values  have  been  calculated  for  1965  to  1969  anc 

the  other  five-year  periods  in  this  table. 

protein  in  this  zone,  both  for  human  con- 
sumption and  animal  feed,  more  efforts  must 
be  made  to  examine  the  main  factors  and 
trading  rules  that  will  facilitate  future  growth 
of  soybean  import  demand  in  the  economies 
of  tropical  countries. 

This  study  will  focus  on  Taiwan,  one  of  the 
fastest-growing  countries  in  Asia,  and  its  po- 
tential as  a  soybean  market.  It  will  evaluate 
the  main  causes  for  the  rapid  growth  in  import 
demand  for  soybeans  as  well  as  their  impact 
on  the  soybean  sector  and  on  soybean  import 
demand.  It  will  also  explore  the  role  of  gov- 
ernment intervention  and  trade  policies  in  the 
development  of  the  soybean  market. 

Over  the  past  thirty  years,  Taiwan  has  achieved 
an  impressive  record  of  economic  development 
and  has  been  moving  gradually  toward  more 
open  trade.  The  movement  of  Taiwan's  econ- 
omy toward  open  trade  and  investment  policies 
promotes  exports  —  the  lifeblood  of  Taiwan's 
industrialization.  As  a  result,  living  standards 
in  Taiwan  have  greatly  improved,  and  the 
Taiwanese  have  been  shifting  their  diets  from 
starch  and  fiber-based  food  to  protein.  For 
example,  per  capita  daily  consumption  of  nu- 
trients increased  from  2,078  to  2,969  calories, 
and  protein  intake  jumped  from  49.04  to  85.4 
grams  between  1955  and  1986  (2). 

The  ability  to  enhance  the  supply  and  con- 
sumption of  soybeans  in  this  fast-growing  mar- 
ket is  extremely  important  both  for  the  future 
welfare  of  the  Taiwanese  society  as  well  as  for 
increasing  international  trade  in  agricultural 
products. 

During  its  present  phase  of  economic  devel- 
opment, Taiwan  has  become  one  of  the  most 
important  and  dynamic  growth  markets  for 
U.S.  soybeans  in  East  Asia.  Increasing  soybean 
exports  to  Taiwan  is  part  of  ongoing  U.S.  efforts 
to  be  more  competitive  in  agricultural  exports. 
Soybean  imports  into  Taiwan  increased  from 
less  than  0.1  million  metric  tons  (mmt)  in  1962, 
to  1.4  mmt  in  1984.  In  1988,  Taiwan  imported 
2.02  mmt,  and  imports  for  1990  are  forecasted 


at  2.67  mmt  (18).  Taiwan's  market  accounts  for 
almost  30  percent  of  the  total  Asian  market 
and  for  about  10  percent  of  total  U.S  exports. 

Will  import  demand  for  soybeans  from  the 
United  States  keep  increasing  with  Taiwan's 
future  economic  growth?  What  will  be  the  role 
of  the  livestock  sector  and  increasing  pork 
exports  to  Japan?  Have  growth  factors  in  Tai- 
wan's economy  had  a  greater  impact  on  its 
soybean  imports  than  policy  factors?  To  answer 
these  questions,  this  study  briefly  describes 
Taiwan's  agricultural  economy  and  uses  econ- 
ometric models  to  estimate  the  importance  of 
various  economic  and  policy  factors  perceived 
to  influence  soybean  import  demand  in  Taiwan. 

General  Economic 
Indicators 

National  Income  Trends.  Asian  countries  bor- 
dering on  the  Pacific  basin  have  recently  made 
headlines  in  the  world  of  finance.  The  economic 
growth  achieved  by  Taiwan  during  the  past  30 
years  is  a  remarkable  example  of  an  outstanding 
performance  among  the  developing  countries. 
It  achieved  an  incredible  increase  in  real  income 
per  capita  from  $NT  33,680  (new  Taiwanese 
dollars)  in  1966  to  $NT  151,373  in  1988  in 
spite  of  the  fact  that  it  almost  doubled  its 
population  during  the  same  period  (Table  2). 
The  average  annual  growth  rate  of  the  Gross 
National  Product  (GNP)  between  1966  and 
1988  was  9.24  percent  (11).  This  record  is  all 
the  more  remarkable  in  view  of  the  fact  that 
the  13,900  square  miles  of  this  small  island  are 
very  densely  populated  and  poorly  endowed 
with  natural  resources.  Between  1966  and  1986, 
the  economy  was  transformed  from  a  predom- 
inantly agricultural  to  a  manufacturing  and 
services-based  one,  while  keeping  its  foreign 
debt  very  low  and  improving  its  distribution 
of  income  (1,12). 

Although  agriculture  was  the  main  support  of 
the  economy,  manufacturing  and  exports  have 
become  the  primary  engines  of  economic  growth 
in  recent  years.  In  this  context,  Taiwan  provides 


a  good  example  of  an  economy  following  its 
comparative  advantage  and  acquiring  the  gains 
from  trade  as  noted  by  the  traditional  theory 
of  international  trade.  Houck  (6)  defines  the 
principle  of  comparative  advantage  as  the  dif- 
fering ability  of  nations  to  alter  and  specialize 
their  mix  of  outputs  by  shifting  resources  in- 
ternally. Relying  upon  its  abundant  labor  re- 
sources, Taiwan  sends  exports  to  less  developed 
countries  requiring  low  intensity  with  respect 
to  capital  and  skill;  to  developed  countries,  it 
exports  relatively  labor-intensive  light  manu- 
facturing goods. 

Bilateral  Trade  Between  Taiwan  and  the  United 

States.  Taiwan's  economy  is  currently  fueled 


by  foreign  trade  on  the  demand  side  and 
manufacturing  on  the  supply  side.  In  1987, 
exports  accounted  for  60  percent  of  its  GNP; 
imports  accounted  for  40  percent.  Almost  all 
exports  are  manufactured  goods,  and  the  man- 
ufacturing sector  accounted  for  42  percent  of 
the  GNP  (3).  Between  1965  and  1988,  exports 
of  goods  and  services  rose  at  an  average  annual 
rate  of  24.3  percent;  imports,  22.8  percent 
(Table  3). 

Taiwan  maintained  a  sizable  surplus  in  its  trade 
balance  during  most  of  the  1970s,  except  for 
the  year  1974-1975,  when  the  economy  slid 
into  a  depression  following  the  two  oil  shocks 
and  the  associated  boom  in  commodity  prices. 


Table  2.  Country  GNP,  Population,  and  Growth  Rate,  1966  to  1988 


Year 

GNPa 

Growth 
rate 

Population 

Growth 
rate 

GNP  per 
capita3 

Growth 
rate 

NT$ 

percent 

thousands 

percent 

$NT 

percent 

1966 

474.4 

9.0 

12,993 

2.9 

33,680 

6.1 

1967 

494.6 

10.6 

13,297 

2.3 

36,325 

7.9 

1968 

539.5 

9.1 

13,650 

2.6 

38,689 

6.5 

1969 

588.1 

9.0 

14,335 

5.0 

41,226 

6.6 

1970 

654.3 

11.3 

14,676 

2.4 

44,926 

9.0 

1971 

738.7 

12.9 

14,995 

2.2 

49,695 

10.6 

1972 

837.0 

13.3 

15,289 

2.0 

55,278 

11.2 

1973 

944.3 

12.8 

15,665 

1.8 

61,212 

10.7 

1974 

954.9 

1.1 

15,852 

1.8 

60,788 

-0.7 

1975 

995.7 

4.3 

16,150 

1.9 

62,228 

2.4 

1976 

1130.0 

13.5 

16,508 

2.2 

69,204 

11.2 

1977 

1243.6 

10.1 

16,813 

1.8 

74,642 

7.9 

1978 

1416.5 

13.9 

17,136 

1.9 

83,452 

11.8 

1979 

1536.4 

8.5 

17,479 

2.0 

88,768 

6.4 

1980 

1645.9 

7.1 

17,805 

1.9 

93,293 

5.1 

1981 

1739.8 

5.7 

18,136 

1.9 

96,817 

3.8 

1982 

1797.2 

3.3 

18,458 

1.8 

98,223 

1.5 

1983 

1938.9 

7.9 

18,733 

1.5 

104,263 

6.1 

1984 

2142.9 

10.5 

19,106 

2.0 

113,544 

8.9 

1985 

2251.9 

5.1 

19,440 

1.7 

117,677 

3.6 

1986 

2494.4 

10.8 

19,765 

1.7 

128,895 

9.5 

1987 

2692.5 

10.7 

19,982 

1.1 

145,392 

12.7 

1988 

3264.0 

12.1 

20,220 

1.2 

151,373 

4.1 

Source:  National  Income  in  Taiwan  Area,  ROC.  Directorate-General  of  Budget,  1951  to  1987.  Bank  of  Taiwan,  ROC.  Annual 

Report,  Various  Issues. 

1  GNP  figures  are  in  real  terms  (at  1981  constant  prices). 


Since  1967,  Taiwan  has  had  a  trade  surplus 
with  the  United  States.  This  surplus  grew  rap- 
idly from  $80  million  in  1967  to  $16  billion  in 
1987  (Table  4),  when  it  peaked  by  rising  18 
percent.  In  1988,  it  declined  to  $10.42  billion 
(13).  Continuous  pressure  from  U.S  policy- 
makers to  eliminate  the  trade  surplus  through 
lowering  of  tariffs  and  other  trade  barriers  has 
encouraged  Taiwan  to  lower  trade  restrictions 
on  imports  of  U.S-produced  agricultural  prod- 
ucts (16).  In  its  last  concession,  the  Board  Of 
Foreign  Trade  (BOFT)  announced  a  program  to 
narrow  the  trade  surplus  with  the  United  States 
to  less  than  $3  billion  by  1992  (17).  This 
program  includes  further  reduction  of  tariffs 
on  agricultural  products  and  liberalization  of 


its  purchasing  system  for  bulk  grain  commod- 
ities. The  special  levy  of  NT$  280  per  mmt  will 
be  abolished,  and  purchases  of  soybean  and 
coarse  grains  from  the  United  States  will  receive 
licenses  automatically.  Purchases  from  all  other 
sources  will  require  special  permits.  The  av- 
erage tariff  rate  in  1985  was  23  percent  and  is 
estimated  to  be  reduced  to  18  percent  by  1990 
(18). 

Since  1986,  the  United  States  has  overtaken 
Japan  as  the  most  important  market  for  Tai- 
wan's exports.  The  United  States  is  also  now 
the  major  source  of  Taiwan's  agricultural  im- 
ports, supplying  over  60  percent  by  value.  In 
view  of  these  developments,  the  trade  patterns 


Table  3.  Taiwan's  Total  Trade,  1965  to  1988 


Year 

Exports 

Growth 
rate 

Imports 

Growth 
rate 

Trade 

balance 

US$billion 

percent 

US$billion 

percent 

US$billion 

1965 

0.45 

3.9 

0.55 

29.9 

-0.1 

1966 

0.54 

19.1 

0.62 

11.9 

-0.08 

1967 

0.64 

19.6 

0.8 

29.6 

-0.16 

1968 

0.79 

23.1 

0.9 

12.0 

-0.11 

1969 

1.05 

33.0 

1.21 

34.3 

-0.16 

1970 

1.48 

41.2 

1.52 

25.6 

-0.04 

1971 

2.06 

39.1 

1.84 

21.0 

0.22 

1972 

2.99 

45.0 

2.51 

36.3 

0.48 

1973 

4.49 

50.0 

3.80 

50.8 

0.69 

1974 

5.64 

25.8 

6.97 

83.7 

-1.33 

1975 

5.31 

-5.8 

5.95 

-14.6 

-0.64 

1976 

8.17 

53.8 

7.60 

27.7 

0.57 

1997 

9.36 

14.6 

8.51 

12.0 

0.85 

1978 

12.69 

35.5 

11.03 

29.6 

1.66 

1979 

16.1 

26.9 

14.77 

34.0 

1.4 

1980 

19.81 

23.0 

19.73 

33.6 

0.08 

1981 

22.61 

14.1 

21.2 

7.4 

1.41 

1982 

22.2 

-1.8 

18.89 

-10.9 

3.31 

1983 

25.12 

13.1 

20.29 

7.4 

4.83 

1984 

30.46 

21.2 

21.96 

8.3 

8.5 

1985 

30.77 

1.0 

20.10 

-8.5 

10.67 

1986 

39.65 

28.9 

24.17 

20.2 

15.48 

1987 

53.53 

35.0 

34.56 

43.0 

18.97 

1988 

60.58 

13.2 

49.65 

43.7 

10.92 

Source:  ROC,  Monthly  Bulletin  of  Import  and  Export  Statistics,  Department  of  Statistics,  Ministry  of  Finance,  Various  issues, 
1965  to  1988. 


and  the  competitive  position  of  U.S.  exports  in 
Taiwan  should  be  analyzed,  and  the  growth  of 
the  livestock  sector  should  be  evaluated.  This 
sector  consumes  much  of  the  bulk  commodities, 
primarily  soybeans,  which  are  mainly  from  the 
United  States. 

Taiwan's  Soybean  Industry.  Soybean  produc- 
tion in  Taiwan  has  declined  substantially  in  the 
past  two  decades  from  a  peak  of  75,000  tons 
in  1967  to  only  18,000  tons  in  1987,  providing 
only  one  percent  of  domestic  requirements. 
The  area  planted  to  soybeans  has  also  de- 


creased from  52,300  hectares  to  11,000  hectares 
in  the  same  period  (14).  The  decline  can  be 
attributed  to  the  rising  cost  of  labor  and  price 
competition  from  imported  soybeans,  all  con- 
tributing to  unattractive  prices  for  producers. 
Domestic  competition  from  other  planted  crops, 
mainly  corn  and  peanuts,  has  also  contributed 
to  the  decline  in  soybean  production. 

The  demand  for  soybeans  is  principally  a  de- 
rived demand  for  its  products,  oil  and  meal, 
because  only  small  amounts  of  whole  beans 
are  consumed  directly.  Soybeans  have  become 


Table  4.  Bilateral  Trade  Between  Taiwan  and  the  United  States,  1965  to  1988 


Year 


ROC's  exports 

to  the  United 

States 


Growth 
rate 


ROC's  imports 
of  U.S  goods 


Growth 
rate 


Trade 
balance 


1965 

1966 
1967 
1968 


US$billion 
0.096 

0.12 
0.17 
0.28 


percent 
18.5 

20.8 
44.8 
65.5 


US$billion 
0.18 

0.17 
0.25 
0.24 


percent 
26.6 

-5.7 
48.8 
-3.2 


US$billion 
-0.084 

-0.05 
0.08 
0.04 


1969 
1970 

1971 
1972 
1973 
1974 
1975 

1976 
1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 


0.4 
0.56 

0.86 
1.25 
1.67 
2.04 
1.28 

3.04 
3.64 
5.01 
5.65 
6.76 

8.16 

8.76 

11.33 

14.87 

14.77 

18.99 
23.62 
23.43 


43.2 
41.3 

52.3 
45.6 
33.6 
21.9 
-10.5 

66.7 
19.6 
37.8 
12.8 
19.6 

20.7 
7.3 
29.4 
31.2 
-1 

28.6 
24.4 
-1 


0.29 
0.36 

0.41 
0.54 
0.95 
1.68 
1.65 

1.8 
1.96 

2.38 
3.38 
4.67 

4.77 
4.56 
4.65 
5.04 
4.75 

5.42 
7.62 
13.0 


22.2 
24.7 

12.0 
33.0 
75.5 
76.3 
-1.7 

8.8 
9.2 

21.0 
42.3 
38.3 

2.0 

-4.3 

1.8 

8.5 

-5.9 

14.1 
40.6 
70.6 


0.11 
0.2 

0.45 
0.71 
0.72 
0.36 
-0.37 

1.24 

1.68 
2.63 
2.27 
2.09 

3.39 

4.2 

6.68 

9.83 

10.02 

13.57 

16 

10.43 


Source:  ROC,  Monthly  Bulletin  of  Import  and  Export  Statistics,  Department  of  Statistics,  Ministry  of  Finance,  1965  to  1988. 
Two-Way  Trade  Statistics  Between  the  United  States  and  the  ROC,  1987,  Board  of  Foreign  Trade,  Ministry  of  Economic 
Affairs. 


the  most  important  source  of  fats  and  oils  in 
Taiwan,  whereas  marine,  animal,  and  palm 
products  have  decreased  in  relative  importance 
mainly  because  of  the  growing  demand  for 
protein  meal,  which  is  a  joint  product  with 
soyoil  from  the  crushing  of  soybeans. 

The  need  for  soyoil  accounted  for  most  of  the 
demand  for  soybeans  before  the  rapid  devel- 
opment of  the  livestock  industry.  Soyoil  con- 
sumption increased  from  0.026  mmt  in  1965 
to  0.31  mmt  in  1988.  Total  oil  demand  will 
keep  increasing  because  soyoil  has  become  the 
favorite  cooking  oil  of  the  rapidly  growing  fast- 
food  industry  (5).  Soybean  production  costs 
per  unit  of  fat  or  oil  are  also  lower  than  the 
production  cost  of  animal  products.  Moreover, 
Taiwanese  are  rapidly  becoming  more  wester- 
nized. Like  their  western  counterparts,  they  are 
purchasing  more  vegetable  oils  because  of  health 
concerns.  Total  production  of  soyoil  has  in- 
creased from  0.086  mmt  in  1970  to  0.33  mmt 
in  1988  (18).  Soybeans  are  consumed  in  a 
variety  of  forms  that  have  very  few  substitutes 
as  foods:  soymilk,  soy  sauce,  bean  pastes,  and 
soy  sprouts.  Although  the  Taiwanese  are  well 
acquainted  with  these  products,  it  is  not  likely 
that  consumption  will  increase  significantly  to 
affect  their  overall  demand  for  soybeans. 

Soymeal  is  the  main  protein  source  used  in 
animal  feed.  It  provides  most  of  their  essential 
amino  acid  requirements  and  is  highly  nutri- 
tious. It  is  also  of  better  quality  and  more 
efficient  in  digestion  than  other  competing 
meals,  such  as  fishmeal,  meat  meal,  and  peanut 
meal. 

Soymeal  is  extracted  in  the  crushing  process 
through  a  petroleum-based  solvent.  This  pro- 
cess yields  about  80  percent  soymeal,  which 
contains  an  average  of  44  percent  protein  (7). 

Taiwan  does  not  import  soymeal:  most  of  the 
domestic  demand  is  met  by  its  crushing  in- 
dustry. The  demand  for  meal  has  increased 
rapidly  in  the  last  decade;  consumption  rose 
steadily  from  0.14  mmt  in  1965  to  1.29  mmt 
in  1987.  As  of  December  1988,  soymeal  use 


increased  to  1.35  mmt  (15,18).  The  expanding 
hog  and  poultry  industries  are  the  main  reason 
for  the  rapid  development  of  the  feed  industry, 
growing  on  the  average  of  8.5  percent  annually 
between  1975  and  1985.  Of  total  feed  output, 
hog  feed  constitutes  about  50  percent;  chicken 
feed,  45  percent;  and  cattle  feed,  the  remaining 
5  percent. 

Conceptual  Model  of 
Taiwan's  Soybean  Sector 

Mathematical  Presentation  of  the  Soybean 

Sector.  Econometric  model  building  has  de- 
veloped throughout  this  century  into  a  sophis- 
ticated science.  It  provides  crucial  economic 
tools  for  estimating  the  values  of  parameters 
appearing  in  structural  equations  and  for  study- 
ing the  implications  of  these  parameters. 

This  study  concentrates  on  estimating  the  de- 
mand for  soybeans  in  Taiwan.  Soymeal,  a  major 
product  from  soybeans,  is  crucial  in  the  growth 
of  Taiwan's  livestock  sector  and  further  eco- 
nomic development.  The  three  kinds  of  de- 
mand important  in  the  soybean  market  are 
consumer  demand  for  food  uses,  derived  de- 
mand for  feed  to  livestock,  and  demand  for 
soyoil.  The  domestic  changes  in  demand  for 
livestock  are  also  taken  into  account  as  the 
major  force  behind  the  growth  in  the  soybean 
sector.  The  aspects  of  demand  theory  that  can 
be  used  to  explain  the  demand  for  soybeans 
in  Taiwan  are  analyzed  empirically  below. 

This  economic  model  of  Taiwan's  soybean  sec- 
tor, therefore,  is  composed  of  demand  equa- 
tions for  soybeans,  soymeal,  and  soyoil  and  of 
world  price  linkages.  For  purposes  of  estimating 
this  model,  the  following  assumptions  have 
been  made: 

•  Taiwan  and  its  three  soybean  economies  are 
price  takers  according  to  the  "small  country" 
theory; 

•  No  tariff  or  trade  restrictions  are  applied; 

•  Imported  and  domestic  soybeans  and  their 
products  are  perfect  substitutes. 


The  mathematical  presentation  of  the  model  is 
a  13-equation  system  consisting  of  domestic 
soybean  production,  soybean  food  demand, 
soyoil  demand,  soymeal  demand,  soybean  crush 
demand,  livestock  demand  presented  as  high 
protein  animal  unit  (HPAU),  four  market-clear- 
ing equations,  and  three  price  linkages  (Figure 
1). 

Equation  1.1  in  Figure  1  represents  the  soybean 
acreage  (BA)  planted  in  Taiwan,  which  is  a 
function  of  lagged  acreage  planted,  the  gov- 
ernment's declared  real  soybean  support  prices, 
and  other  exogenous  variables,  such  as  tech- 
nology, weather,  and  government  policies.  The 
planted  acreage  for  the  current  crop  year  is 
determined  by  information  on  acreage  that  was 
planted  last  year  and  soybean  support  prices 
declared  by  the  government  before  the  crop 
year.  Because  the  acreage  planted  does  not 
change  quickly  in  response  to  changes  in  pro- 
duction incentives,  soybean  producers  in  Tai- 
wan will  make  their  production  decisions  ac- 
cording to  the  acreage  planted  in  the  previous 
year  and  the  government's  real  support  prices 
for  the  current  year.  Lagged  soybean  acreage, 
therefore,  is  expected  to  have  a  positive  rela- 
tionship with  acreage  planted  in  the  previous 
year.  Soybean  support  prices  are  also  expected 
to  have  a  positive  effect  upon  current  soybean 
production.  Because  support  prices  are  an- 
nounced by  the  government  before  soybeans 
are  planted,  an  increase  in  the  support  price 
of  soybeans  will  increase  soybean  production. 

Equation  1.2  in  this  figure  illustrates  per  capita 
demand  for  soybean  food  (PFD).  The  relation- 
ships used  to  explain  food  demand  for  soybean 
products  originate  from  consumer  demand  the- 
ory and  are  based  on  the  maximization  of 
consumer  utility,  subject  to  an  appropriate 
budget  constraint.  The  solution  relates  the  con- 
sumption of  the  commodity  to  its  own  price, 
income,  and  other  variables  that  influence  con- 
sumer taste  and  preference.  Under  the  as- 
sumption of  identical  consumer  preferences, 
total  market  demand  can  be  written  in  per 
capita  terms.  The  demand  for  food  is  expected 


to  be  negatively  related  to  the  soybean  import 
price  and  positively  related  to  per  capita  in- 
come. The  dummy  variable  DV67  is  expected 
to  explain  the  variability  in  consumption  caused 
by  the  removal  of  soybean  import  barriers  in 
1967.  Long  ago,  Taiwan  adopted  tariffs  and 
quantity  controls  as  its  main  trade  barriers  on 
most  imports.  Since  the  mid-1960s,  Taiwan  has 
reduced  tariffs  on  many  agricultural  imports, 
including  the  removal  of  quantity  controls  on 
soybeans  in  1967.  The  dummy  variable  DV67 
is  expected  to  have  a  positive  relationship  with 
food  demand. 

Equation  1.3  represents  per  capita  oil  demand 
(POD).  The  demand  for  oil  is  derived  from  the 
demand  for  soybeans  crushed  and  used  for 
cooking  or  salad  oil.  It  is  a  function  of  per 
capita  real  income,  its  own  price,  and  the 
dummy  variable  DV67.  Per  capita  income  is 
anticipated  to  have  a  positive  sign,  whereas 
the  soyoil  retail  price  is  expected  to  be  nega- 
tively correlated  to  soyoil  consumption.  The 
dummy  variable  DV67  is  expected  to  have  a 
positive  correlation,  reflecting  the  elimination 
of  the  soybean  import  embargo. 

Domestic  crush  demand  (SCM)  in  equation  1.4 
is  explained  by  the  crush  value  and  HPAU. 
The  crushing  value  is  measured  by  the  value 
of  soymeal  and  soyoil  produced  from  one  unit 
of  crushed  soybeans  divided  by  the  input  cost. 
The  crushing  value  indicates  the  profitability 
of  the  crushing  industry  and  is  expected  to  be 
positively  related  to  the  domestic  crush  de- 
mand. 

Domestic  soymeal  demand  (MDM)  is  presented 
in  equation  1.5.  Soymeal  demand  is  determined 
by  the  soymeal  retail  price,  HPAU,  and  the 
dummy  variable  DV67.  Soymeal  price  is  ex- 
pected to  have  a  negative  effect  on  soymeal 
demand.  HPAU  is  anticipated  to  be  positively 
related  to  the  demand  for  meal.  HPAU  is  in- 
troduced in  the  model  to  link  the  growth  of 
the  soybean  sector  with  changes  in  the  domestic 
production  of  livestock  in  Taiwan  as  well  as 
livestock  exports  overseas.  Soymeal  is  mostly 
used  in  the  swine  and  poultry  sectors  and  is 


Figure  1.  Mathematical  Presentation  of  the  Model. 

1.1.  BA  =  f(SP,  LSA,  T) 

1.2.  PFD  =  f(BIP,  Y/POP,  DV67) 

1.3.  POD  =  f(OP,  Y/POP,  DV67) 

1.4.  SCM  =  f(CRV,  HPAU) 

1.5.  MDM  =  f(MP,  HPAU,  DV67) 

1.6.  HPAU  =  f(LSPI,  Y  x  POP,  HPAUX) 

1.7.  CRV  =  (MXR  x  MP  +  OXR  x  OP)  /  BIP 

1.8.  BED  =  PFD  +  SCM  -  BPR 

1.9.  MED  =  MDM  -  SCM  x  MXR 

1.10.  OED  =  POD  -  SCM  x  OXR 

1.11.  BIP  =  UXPB  x  EXR 

1.12.  MP  =  UXPM  x  EXR 

1.13.  OP  =  UXPO  x  EXR 

ENDOGENOUS  VARIABLES 

BA  =  soybean  acreage 

HPAU  =  high  protein  animal  unit 

PFD  =  per  capita  food  demand 

POD  =  per  capita  oil  demand 

MDM  =  soybean  meal  demand 

SCM  =  soybean  crush  demand 

BED  =  soybean  excess  demand 

OED  =  soybean  oil  excess  demand 

MED  =  soybean  meal  excess  demand 

PREDETERMINED  VARIABLES 

SP  =  soybean  support  price 

LSA  =  lagged  soybean  acreage 

LSPI  =  livestock  price  index 

HPAUX  =  high  protein  animal  units  exported 

T  =  time  trend 

Y  =  per  capita  income 

DV67  =  dummy  variable 

POP  =  population 

MXR  =  meal  extraction  rate 

OXR  =  oil  extraction  rate 

EXR  =  exchange  rate 


UXPB  =  United  States  soybean  export  price 

UXPM  =  United  States  soybean  meal  export  price 

UXPO  =  United  States  soybean  oil  export  price 

BPR  =  soybean  domestic  production 

CRV  =  soybean  crush  value 

BIP  =  soybean  import  price 

MP  =  soybean  meal  retail  price 

OP  =  soybean  oil  retail  price 


the  main  protein  source  for  animal  feed.  The 
dummy  variable  is  expected  to  be  positively 
related  to  soymeal  demand. 

Equation  1.6  represents  the  demand  for  live- 
stock presented  as  the  number  of  HPAU  pro- 
duced. HPAU  is  a  weighted  average  of  animal 
units  incorporating  the  amount  of  soybeans 
required  for  producing  hogs,  poultry,  and  eggs. 
It  is  calculated  using  the  equation: 

HPAU  =  pork  production  +  (2.5  chicken 
production  +  2.4  egg  production)/3. 

HPAU  demand  is  expected  to  be  negatively 
related  to  the  livestock  price  index,  but  posi- 
tively related  to  the  growth  in  livestock  exports 
and  total  income.  The  data  supporting  the 
mathematical  model  appear  in  the  Appendix. 

Estimation  Methodology  and  Econometric 

Techniques.  Several  econometric  theories  and 
techniques  are  relevant  to  this  regression  model. 
The  basic  requirement  that  an  economic  model 
must  satisfy  is  that  the  number  of  endogenous 
variables  must  be  equal  to  the  number  of 
independent  relationships  in  the  model.  In 
order  to  identify  the  proper  techniques  to  be 
used  in  estimating  the  parameters  of  the  model, 
the  appropriate  relationships  among  the  equa- 
tions should  be  specified.  If  we  assume  the 
general  simultaneous  econometric  equation 
system,  presented  in  matrix  form: 


YB  +  xr  =  u 


where: 


Y  =  matrix  of  endogenous  variables. 


B  =  matrix  of  coefficients  of  endogenous 

variables. 

X  =  matrix  of  exogenous  variables, 
r  =  matrix  of  coefficients  on  exogenous 

variables. 
U  =  matrix  of  disturbances. 

The  model  is  a  system  of  simultaneous  equa- 
tions, where  a  typical  equation  is  part  of  a  set 
of  simultaneous  equations  and  has  at  least  one 
endogenous  variable  as  an  independent  vari- 
able (9). 

Simultaneous  equation  models  are  commonly 
estimated  using  estimation  techniques,  such  as 
the  Two-  and  Three-Stage  Least  Squares  — 
2SLS  and  3SLS.  These  techniques  solve  the 
problem  of  correlation  of  the  disturbance  term 
in  an  equation  with  the  endogenous  variables 
as  regressors.  If  a  correlation  exists  among 
disturbances  across  equations,  the  3SLS  esti- 
mator is  more  asymptotically  efficient  than  the 
2SLS  estimation  (8). 

There  are  two  steps  in  the  2SLS  procedure. 
First,  the  endogenous  variables,  which  appear 
on  the  right-hand  side  of  one  or  more  equa- 
tions, are  regressed  on  all  exogenous  variables 
in  the  system.  Second,  predicted  values  are 
used  as  instruments  for  those  endogenous  var- 
iables, and  an  instrumental  variable  estimator 
is  applied.  The  final  estimates  are  unbiased  and 
consistent  but  not  asymptotically  efficient  if 
correlation  is  present  across  equations  (8,19). 

The  3SLS  estimation  method  takes  into  account 
the  correlation  of  the  disturbances  across  equa- 


tions.  The  3SLS  procedure  is  similar  to  2SLS 
in  the  first  two  steps.  Once  the  2SLS  parameters 
have  been  calculated,  the  residuals  of  each 
equation  are  used  to  estimate  the  cross-equation 
variances  and  covariances.  As  stated  before, 
the  3SLS  estimation  method  provides  more 
efficient  estimators  than  the  2SLS. 

The  simultaneous  equation-estimating  tech- 
nique used  in  this  model  has  been  designed  to 
estimate  structural  parameters  in  the  overiden- 
tified  case,  where  the  number  of  unrestricted 
coefficients  exceeds  the  number  of  the  restricted 
parameters. 

For  the  equations  that  consist  of  only  indepen- 
dent variables  in  the  right-hand  side,  Ordinary 
Least  Squares  (OLS)  estimation  is  applied.  Be- 
cause the  independent  variables  are  not  likely 
to  be  correlated  with  the  disturbance  term  in 
these  equations,  OLS  estimates  will  generally 
be  consistent.  For  those  equations  where  de- 
pendent variables  appear  as  regressors,  how- 
ever, OLS  estimation  will  yield  biased  and 
inconsistent  parameter  estimates.  In  those  cases, 
therefore,  the  2SLS  estimation  method  is  ap- 
plied. These  results  are  then  compared  with 
the  3SLS  system  estimation  method,  which 
yields  more  efficient  estimators  than  the  2SLS 
when  right-hand  side  endogenous  variables  are 
correlated  with  the  disturbance  term  (19). 

The  presence  of  autocorrelation  was  adjusted 
using  the  OLS  transformation  procedure  ob- 
tained by  the  default  option  on  Shazam's  AUTO 
command.  The  option  will  estimate  the  first- 
order  autocorrelation  parameter,  RHO,  and  will 
proceed  in  a  modified  Cochrane-Orcutt  correc- 
tion. 

The  model  specified  in  this  study  is  a  system 
of  simultaneous  equations  that  will  be  esti- 
mated both  by  single-equation  and  system- 
equation  methods.  The  system  method  takes 
into  account  the  possible  correlation  among  the 
error  terms  across  equations  and  is  more  effi- 
cient than  OLS  estimation.  But  in  the  case  of 
a  small  sample  size,  an  error  in  specification 
may  bias  estimates. 


Results.  The  summary  of  results  presented  in 
Figures  2  and  3  contains  the  coefficient  esti- 
mates of  both  techniques  as  well  as  their  cor- 
responding signs.  R  square,  the  Durbin  Watson 
statistic  (Durbin-W),  the  elasticity  at  means, 
and  t-ratios  are  also  shown.  In  general,  the 
estimation  results  were  satisfactory,  and  the 
relationships  among  all  variables  agreed  with 
the  economic  expectations.  When  assessing  the 
estimator's  properties,  however,  the  3SLS  sys- 
tem method  appears  to  have  smaller  standard 
errors  than  does  the  single  estimation  method. 

Soybean  acreage  (BA)  in  Taiwan  was  signifi- 
cantly influenced  by  the  lagged  soybean  acreage 
(LSA)  and  the  time  trend  variable  (T).  The 
soybean  price,  however,  was  not  significant, 
possibly  because  of  the  shortcomings  in  ac- 
quiring data  on  competitive  crops.  The  negative 
influence  of  T  indicates  that  soybean  acreage 
has  been  decreasing  gradually  with  time.  Most 
of  the  planting  area  is  along  the  coastline, 
where  land  has  greater  economic  returns  when 
utilized  for  the  industrial  sector.  Other  possible 
factors  that  may  have  contributed  to  a  decrease 
in  acreage  are  increasing  labor  costs  and  the 
shifts  from  full-time  fanning  to  part-time  farm- 
ing. The  scope  for  expanding  planted  area  is 
quite  limited,  and  Taiwan,  it  appears,  will  con- 
tinue to  rely  on  grain  imports  in  the  future. 
The  real  soybean  support  price  (SP)  does  not 
appear  to  be  a  significant  factor  in  determining 
soybean  acreage.  This  fact  may  reflect  the  shift 
of  the  Taiwanese  farmer  from  soybeans  to 
alternative  crops,  especially  fruits  and  winter- 
season  vegetables.  It  would  have  been  useful 
to  add  a  price 'variable  for  those  alternative 
crops.  Because  of  the  difficulty  in  acquiring 
data  on  market  prices  for  fruits  and  vegetables, 
however,  the  movement  in  these  prices  is  not 
taken  into  account,  a  fact  that  might  explain 
the  lack  of  insignificance  of  the  variable  for 
the  real  soybean  support  price. 

Per  capita  soybean  food  demand  (PFD)  was 
positively  influenced  by  per  capita  income  (Y), 
as  was  expected,  and  by  the  dummy  variable 
(DV67),  which  captured  the  removal  of  the 
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Figure  2.  Estimation  Results  of  Taiwan's  Soybean  Sector  Using  OLS  or  2SLS  as 
Appropriate.3 

2.1.  BAb  =  43.341  -  2.129T  +  .173LSA  +  .094SP 

(7.812)      (-4.011)    (1.964)         (.175) 
<1.672>     <-.890>    <.163>          (.086) 

R  square  =  0.939     D-M  =  2.96        df  =  18 

2.2.  PFDC  =  6.433  -  .053BIP  +  .006Y  -I-  3.152DV67 

(5.047)    (-1.205)     (3.358)     (4.20) 
(.564)     <-.038>      (.227) 

R  square  =  0.811     D-W  =  1.458     RHO  =  .332 

2.3.  PODC  =  -0.463  -  .073P  +  .018Y  +  .805DV67 

(-2.818)    (-2. 264)  (5. 795)     (2.217) 
<-.072>     <-.032>  <1.244> 

R  square  =  0.961     D-W  =  1.516     RHO  =  .394 

2.4.  SCMd  =  -178  +  89.1CRV  +  1.052HPAU 

(-1.65)  (1.875)          (12.978) 
<-.261><.131>  <1.082> 

R  square  =  0.944     D-W  =  1.614     df  =  19 

2.5.  MDMd  =  -17.24  -  8.381MP  +  .825HPAU  +  31.26DV67 

(-2.3)        (-1.872)       (16.636)  (4.215) 

<-.032>     (-.0016)      <1.069> 

R  square  =  0.907        D-W  =  1.548         df  =  18 

2.6.  HPAU  =  53.15  -  .448LSPI  +  .013Y*POP  +  .924HPAUX 

(2.162)    (-2.183)       (1.754)  (74.4) 

(.072)     (-.061)        (.036)  (.949) 

R  square  =  0.995     D-W  =  1.775     df  =  18 

ENDOGENOUS  VARIABLES 

BA  =  soybean  acreage 

HPAU  =  high  protein  animal  unit 

PFD  =  per  capita  food  demand 

POD  =  per  capita  oil  demand 

MDM  =  soybean  meal  demand 

SCM  =  soybean  crush  demand 

BED  =  soybean  excess  demand 

OED  =  soybean  oil  excess  demand 

MED  =  soybean  meal  excess  demand 

PREDETERMINED  VARIABLES 

SP  =  soybean  support  price 

LSA         =  lagged  soybean  acreage 
LSPI        =  livestock  price  index 
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HPAUX  =  high  protein  animal  units  exported 

T  =  time  trend 

Y  =  per  capita  income 

DV67  =  dummy  variable 

POP  =  population 

MXR  =  meal  extraction  rate 

OXR  =  oil  extraction  rate 

EXR  =  exchange  rate 

LJXPB  =  United  States  soybean  export  price 

UXPM  =  United  States  soybean  meal  export  price 

UXPO  =  United  States  soybean  oil  export  price 

BPR  =  soybean  domestic  production 

CRV  =  soybean  crush  value 

BIP  =  soybean  import  price 

MP  =  soybean  meal  retail  price 

OP  =  soybean  oil  retail  price 

'  (  )  is  t  ratio;  (  )  is  elasticity  at  mean  values. 

b  Corrected  for  autocorrelation  with  lagged  dependent  variable. 

c  Corrected  for  autocorrelation. 

d  Estimated  using  2SLS. 


soybean  import  embargo  in  1967.  The  soybean 
import  price  (BIP)  was  not  significant  and  had 
a  low  elasticity.  The  low  elasticity,  -.002,  can 
be  explained  by  the  dominance  of  soybean 
food  in  the  Taiwanese  diet  with  few  existing 
substitutes  for  soyfood.  As  expected,  the  relax- 
ation of  the  import  barriers  in  1967  had  a 
positive  effect  on  PFD. 

All  the  coefficients  for  the  per  capita  oil  demand 
equation  (POD)  were  significant,  with  the  ex- 
pected signs.  Y  and  DV67  were  both  positive, 
whereas  the  soyoil  price  (OP)  had  a  negative 
influence  on  the  growth  of  soyoil  demand.  Per 
capita  income  elasticity  indicated  a  strong  re- 
lationship with  the  demand  for  oil  in  Taiwan. 
This  relationship  is  explained  by  the  domestic 
food  industry's  growing  demand  for  cooking 
oil. 

Soybean  crushing  demand  (SCM)  was  posi- 
tively influenced  by  both  the  domestic  livestock 
demand  (HPAU)  and  the  crushing  value  (CRV). 
Domestic  livestock  demand  had  the  most  in- 


fluence on  the  growth  in  soybean  crush  de- 
mand. 

In  equation  3.5,  for  soymeal  demand  (MDM) 
in  Figure  3,  the  number  of  high  animal  protein 
units  was  found  to  be  the  most  important 
explanatory  variable.  It  linked  the  livestock 
sector  with  the  soybean  sector  and  was  the 
major  force  driving  the  soymeal  demand.  The 
soymeal  demand  elasticity  with  respect  to  HPAU 
was  1.085,  a  figure  that  reflects  the  strong 
relationship  between  the  explanatory  variable 
and  soybean  meal  demand.  The  deflated  soy- 
meal price  had-a  negative  impact  upon  soymeal 
demand,  but  it  was  not  significant  in  the  3SLS 
estimation.  Furthermore,  soymeal  demand, 
-.002,  was  found  to  be  price  inelastic.  The 
coefficient  of  DV67  had  the  expected  positive 
sign  and  was  similar  to  the  two  other  cases: 
per  capita  food  demand  (PFD)  and  per  capita 
oil  demand  (POD).  In  all  three  cases,  the  coef- 
ficients had  significant  values. 

Livestock  demand  as  measured  by  HPAU  was 
a  function  of  the  livestock  price  index  (LSPI), 
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Figure  3.  Estimation  Results  Using  3SLS  Method.3 

3.1.  BA  =  52.22  -  2.523T  +  .129LSA  +  .194SP 

(10.88)    (-5.801)    (2.055)         (.424) 
<1.73>     <-.961>    <.127>          (.105) 

R  square  =  0.938     D-h  =  -2.31     df  =  19 

3.2.  PFD  =  4.482  -  .065BIP  +  .007Y  +  3.079DV67 

(2.89)      (-0.962)     (5.549)    (5.216) 
(.391)     (-.002)      <.272> 

R  square  =  0.813     D-W  =  1.472     df  =  19 

3.3.  POD  =  -.514  -  .076OP  +  .016Y  +  .554DV67 

(-2.418)  (-2.243)     (11.05)     (2.831) 
<-.09>     (-.010)     <1.124> 

R  square  =  0.907     D-W  =  1.302     df  =  19 

3.4.  SCM  =  -131  +  51.212CRV  +  1.064HPAU 

(-2.291)(1.637)  (17.712) 

<-.196><.102>  <1.096> 

R  square  =  0.943     D-W  =  1.509     df  =  19 

3.5.  MDM  =  -26.2  -  4.01MP  +  .829HPAU  +  27.695DV67 

(-1.782)  (-1.473)     (19.97)  (3.032) 

(-.485)  (-.002)      <1.085> 

R  square  =  0.948     D-W  =  1.562     df  =  18 

3.6.  HPAU  =  44.82  -  .261LSPI  +  .011Y*POP  +  .907HPAUX 

(2.65)      (-1.781)       (2.322)  (55.647) 

<.064>     <-.035>        (.036)  <.932> 

R  square  =  0.99  D-W  =  1.801     df  =  18 
•  (  )  is  t  ratio;  (  }  is  elasticity  at  mean  values. 


livestock  exports  (HPAUX),  and  total  income  (Y 
x  POP).  Total  income  had  an  anticipated  posi- 
tive influence  on  the  demand  for  livestock, 
which  was  also  found  to  be  an  important 
explanatory  variable.  The  coefficient  for  the 
livestock  price  index  (LSPI)  had  an  expected 
negative  sign,  whereas,  HPAUX  had  a  positive 
influence  on  livestock  demand.  The  number  of 
exported  animal  units  had  a  high  elasticity  at 
the  mean,  .932.  This  high  elasticity  indicated 
the  growing  demand  for  livestock  products 
abroad. 


Both  estimation  methods  yielded  similar  results 
with  satisfactory  and  acceptable  statistical  tests. 
The  estimated  behavioral  equations  fit  the  data 
fairly  well;  and  in  some  cases,  the  modified 
Cochrane-Orcutt  method  was  used  to  correct 
for  first-order  autocorrelation.  All  the  explan- 
atory variables  had  the  expected  signs  and 
similar  magnitudes  for  both  estimation  meth- 
ods; and  in  most  cases,  the  t  statistics  were 
significant. 

Implications.  The  numerical  results  in  Figures 
2  and  3  represent  the  main  economic  forces  in 
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Taiwan's  soybean  sector  and  their  impact  on 
the  endogenous  variables.  Soybean  acreage 
planted  in  Taiwan  is  positively  influenced  by 
the  lagged  planting  of  soybeans.  Soybean  pro- 
ducers determine  the  acreage  planted  in  the 
current  year  according  to  the  amount  planted 
in  the  previous  year  and  the  government's  real 
support  price.  Therefore,  an  increase  in  acreage 
planted  last  year  will  increase  acreage  planted 
in  the  current  year. 

Although  the  government's  real  support  prices 
were  not  found  to  be  significant,  their  full  effect 
on  soybean  acreage  could  not  be  analyzed;  but 
previous  studies  have  shown  a  positive  influ- 
ence on  soybean  acreage,  and  consequently,  on 
domestic  soybean  production  (1,10,13). 

Two  main  objectives  account  for  the  increase 
in  soybean  price:  the  government's  desire  to 
decrease  rice  production  and  increase  domestic 
production  of  soybeans.  Price  incentives  for 
replacement  crops  should  help  achieve  the  first 
of  these  objectives.  Heavily  dependent  on  U.S. 
imports  of  soybeans,  Taiwan  is  trying  to  achieve 
the  second  with  price  incentives  for  growing 
soybeans.  Higher  profits  for  domestic  soybean 
growers  would  decrease  the  volume  of  imports. 
This  price  scheme  is  financed  through  a  per- 
ton  surcharge  on  soybean  imports  and  the 
imposition  of  a  7  percent  tariff.  This  money 
goes  into  a  fund  that  is  used  to  support  soybean 
prices  and  thus  soybean  production,  potentially 
decreasing  —  on  the  one  hand  —  the  demand 
for  U.S.  and  other  soybeans. 

On  the  other  hand,  the  growth  of  real  per 
capita  income  has  increased  demand  for  im- 
ported soybeans.  It  has  had  a  positive  impact 
on  the  demand  for  livestock,  oil,  and  food.  For 
example,  per  capita  consumption  of  pork  — 
by  far  the  dominant  meat  in  the  typical  diet  — 
increased  rapidly  in  the  last  decade  although 
poultry  and  beef  consumption  grew  to  a  lesser 
extent.  The  high  demand  for  pork  and  other 
meat  products  has  strengthened  the  demand 
for  crushed  soybeans  and  soymeal  for  use  in 
livestock  production.  Once  the  soybean  crush- 


ing demand  is  determined,  fixed  proportions 
of  soymeal  and  soyoil  are  produced. 

The  positive  income  elasticity  for  PFD,  .272, 
indicates  that  future  income  growth  is  likely  to 
produce  further  significant  shifts  in  the  com- 
position of  the  Taiwanese  diet.  These  shifts  will 
probably  continue  the  trend  away  from  rice, 
sweet  potatoes,  and  other  starchy  foods  and 
toward  the  consumption  of  livestock  products. 

Soymeal  prices,  however,  had  a  negative  influ- 
ence on  meal  demand.  Higher  soymeal  prices 
increased  the  cost  of  livestock  production; 
therefore,  less  soymeal  was  demanded.  The 
livestock  price  index  also  had  a  negative  influ- 
ence on  livestock  demand,  -.448. 

In  the  last  few  years,  policymakers  in  Taiwan 
have  placed  considerable  emphasis  on  expand- 
ing export  markets,  especially  the  export  mar- 
kets for  livestock  products.  In  1986,  Taiwan 
became  Japan's  major  pork  supplier  and  will 
probably  remain  so  as  a  result  of  transportation 
advantages  and  lower  production  costs.  An 
increase  in  Taiwan's  livestock  exports  will  in- 
crease domestic  livestock  production  and  there- 
fore will  have  a  strong  impact  on  soymeal 
demand  and  the  demand  for  crushing  soy- 
beans. The  elasticity  of  livestock  exports  was 
.949. 

We  can  conclude  from  the  preceding  analysis 
that  the  soybean  support  price  had  no  effect 
on  the  total  demand  for  soybeans.  The  effect 
of  the  soybean  price  on  acreage  was  positive 
but  insignificant.  The  lack  of  significance  was 
probably  due  to  the  lack  of  data  on  competing 
crops. 

The  study  also  demonstrated  that  livestock 
exports  affected  the  domestic  demand  for  live- 
stock the  most;  they  have  had  progressively 
less  of  an  effect  on  the  livestock  price  index 
and  per  capita  income.  The  elasticity  at  mean 
values  of  livestock  exports  was  also  higher  than 
that  for  the  other  two  variables.  The  increase 
in  domestic  livestock  production  enhanced  the 
demand  for  soybeans  imported  for  animal  feed. 
Livestock  exports  also  had  a  high  elasticity, 
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.949,  with  regard  to  the  demand  for  crushing 
soybean  and  the  demand  for  soybean  meal. 

The  coefficients  in  the  models  showed  that  per 
capita  income  had  a  slight  effect  on  oil  and 
food  demand,  but  a  larger  impact  on  livestock 
demand.  Although  soyoil  is  widely  used  in  the 
fast-food  industry,  restaurants,  and  other  com- 
mercial facilities,  other  oil  sources,  such  as  corn 
and  vegetable  oil,  can  be  easily  substituted.  As 
indicated  by  the  inelastic  price  demand,  the 
markets  for  soyoil  and  soyfood  are  insensitive 
to  the  growing  per  capita  income,  which  has 
little  effect  on  the  consumption  of  soybeans. 

According  to  these  results,  growth  factors  in 
Taiwan's  economy  have  had  a  greater  impact 
than  policy  factors.  For  example,  the  increase 
in  per  capita  income  had  a  larger  impact  on 
the  soybean  economy  than  the  domestic  pro- 
duction policy  of  increasing  the  "guaranteed 
price."  An  increase  in  per  capita  income  in- 
creased the  demand  for  livestock.  The  increased 
demand  for  livestock  in  turn  increased  the 
demand  for  crushing  soybeans.  Declining 
quantities  of  soybean  production,  as  indicated 
by  the  downward  trend,  however,  suggest  that 
domestic  policy  is  not  likely  to  encourage  the 
production  of  a  sufficient  amount  of  beans  by 
Taiwanese  farmers.  Soybean  import  demand, 
therefore,  is  likely  to  increase. 

Economic  factors  similar  to  those  observed  in 
Taiwan  are  also  present  in  other  Asian  econ- 
omies, such  as  South  Korea  and  Japan.  The 
growing  demand  for  livestock  products  in  these 
economies  opens  new  opportunities  to  increase 
livestock  exports,  opportunities  that  have  a 
strong  impact  on  the  production  of  domestic 
livestock. 

Conclusions 

In  this  study,  we  developed  an  econometric 
model  to  evaluate  key  economic  factors  oper- 
ating in  the  Taiwanese  soybean  sector  in  order 
to  determine  the  effect  of  economic  growth 
factors  and  policy  intervention  on  Taiwan's 
soybean  import  demand.  In  the  first  section, 


we  discussed  some  general  economic  indicators, 
trade  patterns,  and  foreign  trade  policies;  and 
we  described  Taiwan's  agricultural  sector,  par- 
ticularly its  soybean  industry.  These  sections 
provided  the  theoretical  background  for  the 
subsequent  conceptual  framework. 

The  estimation  of  the  model  coefficients  in  the 
second  section  were  based  upon  data  from 
1965  to  1986.  The  results  were  satisfactory, 
and  the  estimated  directional  relationships 
among  variables  were  consistent  with  economic 
expectations.  Some  important  characteristics  of 
Taiwan's  soybean  and  soymeal  markets  were 
obtained  from  the  estimation  and  are  sum- 
marized below. 

The  soybean  support  price  has  a  positive  but 
insignificant  effect  on  soybean  acreage;  how- 
ever, acreage  levels  are  inelastic  with  respect 
to  price.  Lagged  soybean  acreage  was  also 
found  to  have  a  positive  influence  on  acreage 
in  the  current  year,  reflecting  slow  production 
adjustments  to  changes  in  technology  and  eco- 
nomic incentives.  The  negative  trend  variable 
was  also  significant,  indicating  a  general  de- 
crease in  soybean  acreage  despite  governmental 
efforts  to  increase  domestic  soybean  production 
through  price  support  policies.  This  decrease 
suggests  that  domestic  soybean  production  is 
unlikely  to  expand  and  will  eventually  exert 
very  little  influence  on  soybean  import  demand. 

We  also  found  that  per  capita  income  had  a 
significant  influence  on  soyfood  demand  and 
soyoil  demand  and  that  total  income  had  a 
significant  influence  on  domestic  livestock  de- 
mand. The  results  also  indicate  that  livestock 
demand  is  the  most  important  factor  influenc- 
ing the  demand  for  crushing  soybeans.  Income 
growth,  therefore,  is  one  of  the  major  forces 
behind  the  increase  in  the  soybean  and  soymeal 
sectors,  facilitating  the  growing  demand  for 
soybean  imports. 

Soymeal  demand,  we  discovered,  is  very  ine- 
lastic with  respect  to  its  own  price.  Its  price 
elasticity  was  —.002.  This  demand  is  primarily 
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influenced  by  the  livestock  demand  and  is  very 
sensitive  to  the  changes  in  this  sector. 

The  elimination  of  soybean  import  barriers 
since  1967  had  a  significant  influence  on  all 
three  markets:  soyfood,  soyoil,  and  soymeal. 
This  influence  may  indicate  the  effects  of  the 
trade  barrier  on  Taiwan's  current  trade  pol- 
icy —  retaining  high  tariffs  for  agricultural 
commodities.  Efforts  to  liberalize  its  domestic 
trade  policies  and  expand  markets  for  livestock 
abroad  would  most  likely  force  higher  quan- 
tities of  imported  soybeans  into  the  country  to 
meet  the  demand  for  high  protein  feed. 

Livestock  demand  measured  by  high  protein 
animal  units  was  a  major  factor  in  the  demand 
for  soymeal  and  soybean  crush.  The  crushing 
industry,  therefore,  closely  follows  the  growth 
of  the  domestic  livestock  sector  in  Taiwan. 
Consequently,  government  policies  to  encour- 
age domestic  production,  like  the  integrated 
swine  production  project  in  1962  and  the  ar- 


tificial insemination  and  feed  inspection  pro- 
grams, would  have  a  significant  impact  on  the 
demand  for  soybean  crush  and  soybean  im- 
ports. 

Taiwan's  continued  economic  growth  and  ef- 
forts to  liberalize  its  trade  policies  and  expand 
markets  for  pork  will  increase  the  quantity  of 
soybeans  imported  to  meet  the  demand  for 
high  protein  meal  for  feed.  The  recent  decline 
in  U.S.  agricultural  exports  and  corresponding 
decline  in  cash  receipts  from  agricultural  mar- 
keting are  encouraging  U.S.  policymakers  to 
increase  exports  through  market  development 
programs  and  lower  export  prices  in  the  im- 
porting country.  Taiwan's  growing  demand  for 
agricultural  products,  primarily  soybeans,  has 
made  it  the  tenth  largest  importer  of  U.S. 
agricultural  products.  The  primary  beneficiary 
of  Taiwan's  recent  trade  liberalization  programs 
is  the  United  States,  and  it  will  probably  con- 
tinue to  enjoy  Taiwan's  growing  demand  for 
soybeans  through  the  early  1990s. 


16 


References 

1.  Chan  Lang,  and  Chin-Hua  Liu.  1976.  "An 
Economic  Analysis  of  Taiwan's  Soybean 
Market."  Master's  thesis.  National  Chung- 
Hsin    University,    Taichung,    Republic    of 
China. 

2.  David,  Murphy.  March  1988.  Agricultural 
Situation  Annual  Report:  The  Case  of  Taiwan. 
Washington,  D.C.:  USDA. 

3.  Economic  Intelligence  Unit  of  the  Claren- 
don Press.   1986-1987.  A  Country  Profile. 
Taiwan.  London:  The  Unit.  p.  18. 

4.  Food  and  Agriculture  Organization.  1965- 
1987.  United  Nations  Trade  Yearbook.  Rome: 
Food  and  Agriculture  Organization. 

5.  Hopkins,  Jonathan.  1987.  "Taiwan  Coun- 
try Brief"  in  Oilseeds  and  Products  Annual. 
Washington,  D.C.:  USDA,  Foreign  Agricul- 
ture Service,  pp.  1-4. 

6.  Houck,  James  P.  1986.  Elements  of  Agri- 
cultural Trade  Policies.   New  York:  Mac- 
Millan.  pp.  9-15. 

7.  Houck,  James,  M.E.  Ryan,  and  A.  Subotnic. 
1972.  Soybeans  and  Their  Products.  Min- 
neapolis: University  of  Minnesota  Press. 

8.  Judge,  George  G.   1985.  The  Theory  and 
Practice  of  Econometrics.  2nd  ed.  New  York: 
John  Wiley  and  Sons.  pp.  636-670. 

9.  Kmenta,  Jan.  1986.  Elements  of  Economet- 
rics. 2nd  ed.  New  York:  MacMillan. 

10.  Meyers,  William  H.  and  Duane  D.  Hack- 
lander.  1979.  An  Econometric  Approach  to 
the  Analysis  of  Soybean  and  Soybean  Markets. 
Staff  Report.  Washington,  D.C.:  USDA  Na- 
tional Economic  Division. 

11.  "National  Income  in  Taiwan  Area"  in  Sta- 
tistical Yearbook  of  the  Republic  of  China. 


December  1986.  Taipei:  Directorate-Gen- 
eral of  Budget  Accounting,  and  Statistics, 
Executive  Yuan. 

12.  Office  of  the  United  States  Trade  Repre- 
sentative. 1986.  1986  National  Trade  Esti- 
mate Report  on  Foreign  Trade  Barriers.  Wash- 
ington, D.C.:  Superintendent  of  Documents, 
U.S.  Printing  Office. 

13.  Sillers,  Donald  A.  1983.  Taiwan:  An  Export 
Market   Profile.    Foreign   Agriculture   Eco- 
nomic Report,  No.  185.  Washington,  D.C.: 
USDA  Economic  Research  Service,  pp.  3- 
40. 

14.  Taiwan  Provincial  Government.  1970-1988. 
Taiwan  Agricultural  Yearbook.   Taipei,   Re- 
public of  China:  Taiwan  Provincial  Gov- 
ernment. 

15.  Tsiang,  S.C.  January  1985.  "Overall  Eco- 
nomic Prospects  of  the  Asian  Pacific  Re- 
gion" in  Economic  Review,  No.  223  (January 
1985):  3-10.  Taipei,  Republic  of  China:  The 
International  Commercial  Bank  of  China. 

16.  Unfair  Foreign  Trade  Practices:  Barriers  to 
U.S  Exports.  May  1986.  Washington,  D.C.: 
Congressional  Research  Service,  pp.  7-16. 

17.  USDA  Economic  Research  Service,  Inter- 
national Economics  Division.  1986.  Alter- 
native Export  Strategies  and  U.S.  Policies  for 
Grain    and    Oilseeds.    Washington,    D.C.: 
USDA. 

18.  USDA,  Foreign  Agriculture  Service.  1980- 
1989.  World  Oilseed  Situation  and  Market 
Highlights.  Washington,  D.C.:  USDA. 

19.  Zellner  A.  June  1962.  "An  Efficient  Method 
of  Estimating  Seemingly  Unrelated  Regres- 
sions and  Tests  for  Aggregation  Bias"  in 
Journal  of  American  Statistical  Association, 
57:636-670. 


17 


Appendix 


18 


>-,  ai 

g  3  £• 

f—  ^     ^^ 

Q   >  " 

'o 

&o 

t!    oj  O~ 

^      CM   en 

in  CN  CM 

CM  in 

tx  in  ^f 

T-H  en 

tN  T-H  en 

CM    ^    ^    00    OO 

NO     T-H 

in 

O    u  £. 
g-'C  X 

«i~      NO    tx 
.        CM    fN 

CM    ON    T—  c 

CM      T-H     CM 

NO      T-H 

CM  en 

ON  Tti  in 
CM  en  tx 

tx  tx 

^  in 

T-H    OO    CM 

NO     NO     NO 

CM    NO    o    T-H    tx 

m  ^  ^  ID  \& 

ON     NO 

in  en 

c/i 

aj   ^D 

s   °  ° 

O    O    O 

o  o 

0    O    0 

O  O 

000 

o  o  o  o  o 

o  o 

D 

•    a 

-t-*                    *H 

M      Q>     -^ 

^?        00    O 

en  -^  CN 

00    ON 

in  in  in 

o  in 

tx  CN  en 

ON  CM  o  o  in 

in  o 

C/)     g 

O    O   n 

JJ-     T-H  en 

en  en  en 

CM    CN 

NO    OO 

tx    00    CM 

tx    CM    OO    T-H    CM 

^   en 

C^«  'C   5 

CM    CM 

en  en  en 

3    ^ 

a;    ^p^ 

3   °'  °' 

o  o  o 

O   O 

000 

0    0 

000 

o  o  o  o  o 

o  o 

C 

to 

.     (O 

t:  a;  ST 

<5     tx  oo 

NO      T-H     OO 

tx    ON 

^  en  NO 

0  en 

T-H     ON     OO 

tN  CN  en  ON  T-H 

T^      O 

en  jtj 

O      (J    CH 

^~         O     T-H 

O    O    ON 

0     T-H 

en  tx  m 

T-H      fN 

tx  in  tx 

tx  tx  en  NO  tx 

T-H      O 

CL,  'C   >^ 

CN    fN 

CM    CM    CM 

CM    CN    CM    CN    CN 

CM    CN 

o 

ai    °-D 

2     o  d 

o  o  o 

O   O 

000 

O   0 

000 

0    0    0    O    O 

O    O 

in 

ai 

<* 

60        ^ 

t/5 

C     QJ    f*/ 
(C    •*-  •    x^2 

13           l-H      T-H 

m 

m  in 

0    0 

in  in  oo 

000 

NO    ON            CM    CM 
O    IX    00    CN    ^l" 

0    0 
oo  tx 

,c*     n3   ^> 

T^     s-    UJ 

^>    d  d 

o  o  o 

o  o 

o  oo  oo 

00    00 

OO     NO     NO 

NO   tx    ON   O   ON 

ON    tx 

u     M    ^, 

C—  <           Tjl      T}< 

T^<      Tf      Tj< 

T^H      T^ 

^t*  en  en 

en  en 

en  en  en 

en  en  en  ^  en 

en  en 

W 

S 

O 

1 

<U         X      HH1 

^j      0^    p  t 

o 

"             T^      IX 

f-"i    en    ON 

tx    OO 

NO  in  oo 

ON    O 

ON     T-H     U-> 

en   en   ON   NO   oo 

•*   tx 

•n  "°  en 

^        NO    00 

OO    O    IX 

f""*i      V^ 

ON  in  ^ 

0    0 

tX     Tf     NO 

•<*  in  T-H  10  en 

tX      T-H 

> 

cx.S  j. 

tx       **   ^ 

rt"  in  rji 

m  m 

in  NO  ON 

T-H     0 

0     T-H      0 

CN  •*  in  m  NO 

NO     NO 

3 

s 

CO 

OO 

c 

JU 

&C\ 

O> 

(0 

M 

O        U      ^-v 

JS 

*" 

QJ 
XI 

Q-.u   &H 

r> 

0    0 

o  o  m 

in  tx 

tx  tx  tx 

ix  CM  m  m  in 

in  in 

2 

>, 

O 

3*  &|S2* 

£__^        00    00 

T-H    CM    CM    CM    CM 

f^       ON! 

in 

en 

en 

*^ 

(O 

en 

^ 

C 

15 

c 

0          ^, 
•rt    /,.  rv< 

c 

CN 

CM    CM 

CM    CM    tN 

CM    CM 

in  in  in 

in  in  tx  tx  tx 

tx  tx 

0 

*^       0^     ^-H 

03      tO    -S 

JU         ^     ^ 

S  ^  2 

en  en 

en  en  en 

en  en 

m  m  in 

in  m  NO  NO  NO 

NO     NO 

-^ 

2  2  o 

(Jj     do 

o  o  o 

o  o 

o  o  o 

o  o 

o  o  o 

o  o  o  o  o 

O    O 

o> 

0 

o5 

en 

c 
•o 

CU 

«  _ 
a>   to 

•J3      4;    S^ 

C        ON    ON 
^i         tx    tX 

ON     ON      ON 

tX    ON 

tx  ix  ix 

ON   ON 
tx    IX 

ON   ON   ON 
tx   tx   tx 

&\    Q\    Qs    o\    o^ 
tx  tx  tx  tx  tx 

ON    ON 
tx  tx 

CO 

•^  i 

ta  la  S 

vf       tx   tx 

tx    tx   tx 

tx  tx 

tx  tx  tx 

tx   tx 

tx   tx   tx 

tx   tx   tx   tx   tx 

tx   tx 

^ 

o 

i3   *^  ^ 

(21     o  o 

O    O    O 

o  o 

O    0    0 

O   O 

O   O   O 

O   O   O   O   O 

o  o 

CO 

15 

en 

^ 

Ol 

•s,    C 

s  a 

.2 

^  -c 
-a  £ 

m     V 

5 

S  6 

C   T3 

£ 

<d    C 
S     ^ 

r*5        3 

2 

H    o 

<u    „ 

c   " 

75 

11    6 

a 

in  NO 

tx   OO   ON 

O     T-H 

CN  en  •** 

in  NO 

tx   oo   ON 

O   T-H   CM   en   ^1" 

in  NO 

H   0 

c 

NO     NO 

tx  lx 

IX    IX    tX 

IX     IX 

tx   IX   tx 

oo  oo  oo  oo  oo 

oo  oo 

Z  o 

c 

ON   ON 

ON   ON   ON 

2  2 

2  2  S 

ON   ON 

ON    ON    ON 

O"\    o\   o\   o^   O*^ 

ON   ON 

4ft    O 

IB          .O 

H            ^ 

s 

CM    CD 

CD  m  CD 

tx  CN  I-H  m  in 

in  in 

I-H  in  CD 

CD    CD 

oo  xo  m 

l-H     CD 

ill 

Q 

CD    I-H 

in  in 

CN  ox  in 

CM    O    vO    vO    •* 

I-H  m 

•>*•    CD 

O    ^    Ox 
CD    CM    I-H 

in  o 

l-H      l-H 

tx  in  in 

tx    Ox 

en   <° 

* 

c 

A 

8  •£  g  S 

o  tx 

O    xO    OO 

xO    OO    CM    OO    vO 

Tj<      l-H 

OO    tx    CD 

in  in 

I-H     00 

l-H      OO 

"*    CM 

OO    CN    ^ 

CD    OO    CD    vO    IX 

in  CD 

VO     Tf     Tf 

I-H      0 

Ox    O    O 

i-i    tx 

^•s.  i     *^  ^^ 

0 

^  in 

l-H     l-H      \Q 

OO    CM    -^    Ox    OO 

I-H  m  tx 

CN    CD 

in  oo  o 

XO    tX 

Q       O       <U     ^^ 

o 

l-H      l-H 

CM    CD    CD 

vO    tx 

vO   tx   IX 

OO    CO 

Ox    O    CM 

CN    \O 

tn       T3  ^ 

o 

I—t     l-H 

I-H      l-H 

t/i 

_     « 
C     Q^    *rt 

JO 

«!     U     c    ?-T 

11   £   (3  [-1 

£ 

.£}     OJ     g    pg 

o  "«   <K  2 

o 
o 

O   O 

000 

00000 

0    0 

o  m  o 

I-H 

0    0 

I-H 

o  o  in 
1 

O    CM 

CD  in 
1      1 

en   £  "O 

o 

6 

§  1  «  9 

S 

Tf  in 

CM    tx    Ox 

O    Ox    't    IX    O 

I-H      O 

o 

l-H 

o  *  £  S 

l-H      ^H 

,-H      ,-H      O 

l-H      VO      VO     ^J1      l-H 

O      I-H 

O    O    O 

••*  o 

CD   O   O 

vO    IX 

*"^    ni   &  ^^ 

I-H 

1 

CN 

1 

S"     "V  "" 

o 

1 

en 

4-  ID 

£ 

,-H     OX 

CD  in 

tx    tx    CM    CD    CD 

OO    CD 

xO    ^    Tt* 

•<*<  oo 

o  in  •<*< 

in  CM 

0    ^      |    O 

K                01     OH 

0 

CM    CM 

VO     t^     l-H 

\O    vO    O    CM    tx 

vO    vo    OO    IX    vO 

O    O 
Ox    O 

in  o  vo 

O    CM    CM 

O    XO 
^    CD 

t*    CM    CM 

VD    CO    O 

CM    CN 

CD    OO 

£ 

o 

OxJ     Oj 

C         T3 

8  T3  c  r\ 

CD    vO 

IX   Ox   tx 

o  oo  ox  in  ox 

tX      I-H 

vO    "*    Ox 

CD    vO 

CM    tx    ,-H 

tx    CD 

fill 

o 

O^    ^^ 

oo  oo 

O     ,-H      T}< 
CD     ^H      ^ 

CD  CN  m  ••*  •"* 
tx  tx  oo  Ix  Ix 

Ox    Ox 

O      l-H 

Tj<    Ox    xO 

OX     l-H     l-H 

••*  tx 

in  tx  oo 

CD    CD    ^ 

OO    CM 

in  vo 

CM    CN 

o        ^  —  - 
en       "O 

0 

CO 

00 

C  .a   o 

CD 

S   «  '5  o? 

£ 

tx    CD 

CM    O    I-H 

CM    O    CM    xO    Ox 

Ox   O 

tx  oo  oo 

Ox    Ox 

<-i  vo  in 

CM    Ox 

0 

^    e    3  O- 
>^  c  -a  ca 

o 

in  CD 

in  CD  tx 

in  i—  i  o  o  vo 

vO    vo    vo    vO    ^O 

I-H     CD 

vo  in 

l-H     0     I-H 

in  ••*  CD 

in  in 

CM    I-H 

CM    OO    Ox 

l-H 

CM    ^ 

*^ 

o   o   o  ^ 

^ 

in 

en  -o   ^ 

CO 

MH 

0> 

_r 

C          T3 

.D^ 

01 

«   «;    r-  jr* 

flj       "j               11 

^  m 

0    Ox    CM 

in  ox  vo  tx  CD 

oo  in 

\O    •«*    VO 

o  ^ 

^    O    O 

0    0 

"O 

O 

9r     QJ     <tf   I—  ' 

-9   u   c  w 

>,    x     C    —  - 

vO    vo 

CM    T*    CN 

"*    OO    IX 

tX     Tj<      I-H     OX     OX 
I-H      CM      l-H     OX     O 

O      I-H 

vO    CD 

tx    ox    O 

Ox    CM 

CD     'HH 

0    O    0 

in  CM  tx 

0     l-H 

Ox    O 

^E 

o  S  «  S- 

O 

^H      ^H 

CD    CD    ^i1 

vo  in  tx  in  xo 

OO    OO 

t^x     ^S      ^H 

Ox    O 

i—  <    CD    ^ 

in  o 

01 

en       "O 

0 

1-1 

l-H 

^H     ^H      I-H 

,-H    CM 

£ 

•— 

V 

vO    Ox 

CM  in  o 

CD    CD    xO    tx    IX 

I-H     IX 

CD  m  CD 

xO    ^ 

I-H    OO    CM 

<*  <* 

ta 

,?  a  i  > 

•> 

CM    ,-H 
O    CM 

CM    CM    OO 
Ox    -^    CN 

tx    vO    CD    CD    Tj< 
Tf    CD    IX    CD    0 

OO    vO 

OX      l-H 

OO    O    I-H 

•*  oo  oo 

vO   Ox 
CD    O 

in  CD  vo 
in  in  CD 

o  in 

l-H     CD 

3 

PH      !o      U    -^ 

<-, 

O      ^H 

CN  ^i<  in 

tx    O    CD    IX    tx 

tx    CM 

in  o  CD 

vO    OO 

Ox    I-H    CD 

IX    Ox 

VJ       C 

CM    CM 

CM    CM    CM 

CM    CD    CD    CD    CD 

CD    ^ 

•*i"  in  in 

in  in 

in  vo  xo 

vO    XO 

.    ui 

in    C 

J3   ° 

.2 

1| 

5 

C   73 

^~ 

5   c 

o 

S      10 

.£   in 

to 

s2  g 

75 

5  - 

^ 

c   H 

"J5 

11    6 

a 

in  xo 

tx    OO    Ox 

O    I-H    CN    CD    T* 

in  xo 

tx    OO    Ox 

O     I-H 

CN    CD    ** 

in  vo 

H  ._, 

c 

vO    vO 

vO    VO    vO 

IX    IX    tx    IX    tX 

tx  tx 

tx  tx  tx 

oo  oo 

OO    CO    OO 

OO    CO 

Z  o 

c 

Ox    Ox 

Ox    Ox    O^ 

Ox   Ox 

Ox    Ox    Ox 

Ox   Ox 

Ox   Ox   Ox 

Ox    Ox 

<f>   0 

19 


<o 

CO 
01 


in 
to 
at 


03 


03 


CO 

03 


CO 
CO 


20 


in 

3 

00  t! 

60  2 

I 

co  co  co 

^  IN. 

oo  in  o 

in  CM 

ON  NO  in 

CO  NO 

OO  CN  NO 

tx  fN 

rf-  00 

w  sx 

§ 

o  o  o 

C3  ° 

O  I-H 

I-H  O 

S 

O 

c  « 

yy    *H 

U    ^ 

E 

CM  •* 

^*  ON  ON 

-!•  -t 

I-H  CO  fO 

CM 

•-a  rx 

o 

o  o  o 

0  0 

000 

o  o 

O  I-H  I-H 

—   1-H 

0  0  O 

O  O 

O  0 

-C  X 

0 

1 

1 

u  « 

o 

-1 

E 

O  CO 

NO  i—  1  NO 

CO  •>* 

»—  i  OO  tx 

rl  fN 

co  ^*  in 

CO  fN 

00  00 

O   £V 

p  l  rt4 

§ 

O  O  I-H 

I-H  I-H 

fN  Tf  2 

in  CM 

CM  ^t  NO 

^H  CO  CM 

ON  in 
CM  CM 

o  oo  oo 

CO  CM  fN 

CO  I-H 

co  in 

tx  in 

NO  00 

Hi 

O 

C 

0 

JO 

•c 

5 

00  rt<  -^ 

OO  ON 

ON  OO  tx 

NO  NO 

Tj*  I-H  OS 

CM  ON 

,-H  m  ,-H 

OO  ON 

OO  NO 

bO  3 

w  .5 

o 

o 

o  m  in 
co  ro  co 

00  "~> 

0  I-H  0 

NO  NO  tX 

£  £ 

•^  tx  in 

OO  ON  O 

ON  NO 
CM  CO 

CM  •<!<  tx 

I-H  CM 

O  I-H 

co  co 

1 

o 

c 

c  o 

£ 

01  '43 

•*-* 

*^    U 

S 

O  ON 

I-H  tX 

CO  OO  Tt 

tx  CO 

NO  OO  't1 

CO  I-H 

CM  "* 

u  3 

o 

oo  in  o 

~-j-   if\   £s^ 

ON  ON 

CM  O  O 

0  0 

co  ^  tx 

ON  O 

i—  CO  ON 

in  CM 

tx  oo 

c*]  *U 

o 

LX  IX 

CM  CM  CM 

CO  CO 

co  co 

u  £ 

0 

OH 

C 

_0 

•i. 

in  tx  CM 

CM  OO 

ON  in  tx 

tx  CM 

oo  o  in 

in  oo 

tx  IX  in 

ON  CM 

Tf  NO 

-^  tj 

E 

tx  tx  ^ 

ON  OO 

o  o  oo 

ON  ON 

!-H  Tj«  CO 

I-H  CM 

oo  co  ^ 

in  tx 

in  oo 

O  3 

Q 

\o  ^^  NO 

CM  CO 

O  NO  OO 

in  NO 

CM  in  oo 

CM  NO 

tx  m  ^ 

in  CM 

I-H  00 

p  ,  "O 

<^ 

ON  CM  in 

NO  OO 

CM  CM  •<*< 

CM  tx 

fN  fN  NO 

tX  NO 

ON  ON  I-H 

in  NO 

CO  NO 

O 

O 

*-H  CM  CM 

CM  CM 

co  co  co 

^f  CO 

CO  ^  T}< 

^  in 

in  m  NO 

NO  tx 

oo  oo 

tx 

If? 

S 

CO  00  0N 

T-I  in  co 

ON  tx 
tx  O 

in  't  co 

ON  NO  CM 

^*  CO 

^  co 

CO  tx  CN 

co  co  in 

NO  in 

I-H  CM 

NO  CO  NO 

CO  ON  I-H 

I-H  0 

in  ** 

oo  oo 

^   O  i  Q* 

o 

Q 

NO  ON  ^ 

NO  ON 

ON  CM  ON 

CO  NO  O 

in  ON 

tx  CM 

I-H  CO  I—  1 

1-1  OO  CM 

in  ix 

NO  NO 

tx  I-H  fN 

I-H  Tjl  O 

Fx  T^ 

^f  in 

co  in 

OO  Tf 

•  w*    ^   P^ 

0 

CM  CM  CO 

CO  CO 

Tti  TJI  in 

in  in 

in  NO  tx 

tx  oo 

ON  ON  O 

I-H  CM 

CO  ^* 

u  *O  c^ 
o  c  D 

X 

e 

ON  CM  tx 

CO  ON  f""i 

ON  CO 

T»<  fN  NO 
I-H  OO  CM 

CN  tx 

OO  CO 

CO  CM  tx 

in  •«*•  o 

OO  IX 

NO  ON 

tx  O  CO 

^  CO  I-H 

0  "* 
CM  ON 

00  NO 
,-H  NO 

Ul   ,—  *^ 
<U   £  OH 

.>   <U  £ 

o 

§ 

I-H  m  co 

v^  O^  ^^ 
CM  (N  CO 

tX  Tj* 

NO  ON 
CO  CO 

tx  OO  NO 
CO  in  ON 

NO  NO 

ON  CN 

in  m 

O  CO  OO 

o  in  ON 
in  NO  NO 

ON  -«f 
CO  •* 

tx  oo 

I-H  tx  tX 

ON  I-H  IX 
OO  ON  ON 

ON  O 

I-H  I-H 

«-H  CM 

NO  fO 

fN  IX 

CO  CO 

.  « 

li 

1  i 

C  T3 

5  c 

<  n 

.«  ui 

H  o 

1  7 

H  ^ 

m  NO  tx 

OO  ON 

0  I-H  fN 

CO  ^* 

in  NO  tx 

OO  ON 

O  I-H  fN 

co  ^ 

in  NO 

NO  NO  NO 

NO  NO 

tx  tx 

tx  IX  tx 

tx  tx 

OO  OO  OO 

oo  oo 

oo  oo 

Z  o 

ON  ON  ON 

ON  ON 

ON  ON  ON 

ON  ON 

ON  ON  ON 

ON  ON 

ON  ON  ON 

ON  ON 

ON  ON 

tf>  O 

Boaz  Bernstein  is  a  graduate  student  and  Lowell  D.  Hill  is  the  L.J.  Norton  Professor  of  Agricultural 
Marketing  in  the  Department  of  Agricultural  Economics  at  the  University  of  Illinois  at  Urbana- 
Champaign. 

Editorial:  Mary  E.  Theis  and  Anita  Povich 

Design:  Krista  Sunderland  and  Guido  Mendez 

Office  of  Agricultural  Communications  and  Education  at  the  University  of  Illinois  at  Urbana-Champaign 

The  Illinois  Agricultural  Experiment  Station  provides  equal  opportunities  in  programs  and  employment. 

1.5M-  9-90-PRINTEC-AP 


^^^ 

O  0  S  0  H  G  M  00  O  O  P  P  S  S  D  O  SQOOnaa 


ii 
oo 

lit : 

00000000000000000000000001 


NOg? 


8-92 


UNIVERSITY  OF  ILLINOIS-URBANA 


